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ABSTRAGQT: Different models of decision making processes age dise
cu#sed and contras¥ed. It is pelnted @ut that the diffegence between
Qeptain ""ratidnalistic" models and heuristic decision rules 8s mete 8
matter of the scope of the process being modeled than a basts differenge
i approach,
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1. GENERAL DISCUSSION
Duying the past thirty years, 3 growing dissatisfaction with
microeconomic theory eombined with an Interest in and a need for
understanding decjsion making in the firm and fn other aspects eof

. economic life has preduced several apparently distinct s¢hools of

thought,
; . The pure gconomic theortst and mathematieal economist may
be contrasted with the plapners and practising consultants and the
new breed of behavioral scientists ¢oncerned with the explicit introe
duction of psychological and sociological variables into their models
of ecenomi¢c man. The differenee is most marked in the treatment
and the discussion of the relevance of new versus old variables, but
beyund this, all have become acutely aware of the stringent limita=
tions en the use of simple models of ''rational man'",

in all mewly developing areas of substantive knowledge there
s always a ¢lash between the analytiea} and the synthetical appreaeh.
The fareyoving s@cial scientist searthing and conjectusing with 1tttle
fogmal v.al!dation of his e¢enfecturese slriving to devise methods to
pertray the gestalt of his subjecy is oftem camstrasted with the analyst
eoncerned with detaits, well-deftned axioms, painstaking validation,
and manipulation of elosed and consistent formal models. Along with
* this contrast goes the belief that the more '"conversational' of the
behavioral scientists are necessarily less scientific than their matrix-

: inverting bretheren, This type of attitude is particularly true of
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engineers, physicists, mathematicians addressing problems in the
behavioral sciences for the first time,

This brief paper is directed towards pointing out the dangers
in allowing a false contrast to obscure the need for concerted verbal
and mathematical or other formal approaches to the study of decision-
making. At this juncture in our knowledge, it becomes highly impor-
tant to blend institutional knowledge and mathematical ability—to
uatilize and formalize the uncommon, common sense of the practitioner
and expert., Given the current state of our knowledge, for many good
reasons, there {# no one succegsful general theory of decision-making.
The austese and elegant structure of parts of economic theory, sta=-
tisties, game theory, learning theory and other parts of psychology
is good and valuable §n as far as It goes; however, in cemparison to
the structure of many bganches of phystes, it does not go wery far.
Both the methods for observation and the applieation of mathematical
methodology are in thelp carly stages at thts time, The developments
of e¢onomies and otheg behaviagal setemees are tmportant to laytag
the f;undations fow the seweral theories of deeision-making which may
at eome Yater date, after they have proved successful, be eombined
into a more general theory.

A tree diagram given below serves to characterize some of the

major considerations in deseribing the individual decision maker.



They invoive assumptions about the environment, the goals, the
nature of cowmpetition, the span of time overy which deecisions are to
be made and the intelligenge, #ationality and othey seeto-psychologieal
features of the individual.

Mést egonemie theories of decision making regard errors i
¢omputation? blundess due tc misperception of otheg erratic behavior
a9 ming? details to e aceounted for in medifications of & theoey

vased on homo oceconomieus, In militagy predblems, however, we

saanot dismise the gctions of the moros or the madman with guch ease,
Furthesmeore, the sociologists, antheepologliste and psychiatefets
fave pointed out that an appafently standard ®rational" ecenomic
sorm in 0ve dociety may be glven & completely diffegent taterprets«
tiom elsewhere, The American effictency expeet entering an Englteh
o¢ » Japanese fagtory will §ind himself eonfronted with & host of prob-
Jemo ot zelevant to ''retlonal” deelsioa-making at home,

At this pelnt, a9 ¢ @Pude approximation, we take the segdal and

psychelegteal aspectd of the individual os giwen.

it ool



span of the
decision process

one 1 3 of indefinite
length

several{periods,
] but of known length AN

knowledge of
environment?

poorly or vaguely
known: no objective
probabilities

|
described fully,

# but statistically e

knowledge of
goals?

wol} haoed
and fimed

changing with
the situation

nature of
competition?

one-persod many-person
decision 'lgame'
goeblems situations

two-pegson
\‘ Ilgamell
oftuations

amount of &alculation
needed? '"Diffjeulty

of problem?"
relatively nod known
easy

analytically
solvable
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The very erude set of trichotomies presented above provides 35
categories which are, for the most part, signif!:antly different and
are relevant to various facets of human affzirs,

Hayking back to our concern with mieroeconomig theory.
whete §s our utilitar{an man? Hae §s to be found In categories
(1,1.1,1, ) or (2,1,1,8, 1% wherg She first number refess to the first,
second, or thigd branch of the tree, and se fogth. Thus, the first
arvay tefers to the §ndividual! who knows his environment, has one
choige to make, knews what he wants, is not involved with gthers in
his ghoig¢e, and fages a problem that h® can solve In the time available.

0.3.1,13,2) sepeesents the gype of situation in whieh t¢echniques
such as dineap progeamming Aave been guccessful, * I you happen to
face a moderate sized travelling salesman pgoblem sad know what the
sélution §s woeth, it belengs here,

If the travelling salesman problem §» made toe large, or if
we are confronted with chese, we come to {i,1,1.1, 3} whege sur cur-
vent state of the s¢¢ €alls fo® '"heurtsti¢s™ or high-class euleseei-
thumb.

Quality control, some of the simpler problems in inventory
control and sequential decision making have been successfully dealt
with in (2, 2,1, 1, 2).

Weapons evaluation and some relatively simple tactical
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problems have been dealt with by two-person ze#o-sum game theory,
best characterized in (1, 2, 1, 2, 2).

Unfortunately, many of the basic problems of aeonomic come
petition, entittary, diplomatic or political affaigs and dndeed fife ¢
general belong ta eategories seeh as (3,3,3,3,3) o2 (3,3, 2.3, 3}. I¢
48 equally foolish 20 helittle our achievments in handling a few of the
simples ¢ategories as §t is to pretend that simple modifieations of
eurr~nt theory will suffice to deal with the other sitvations.

Faced with the complexities encountered in an attempt to study
decistonsprocesses, we may 8dopt & behaviogistie or 8 acemative
approach. We may congentrate on Srylng to descride how imdividuals
®Pchave of may addswes oursclives to the prodlem of advising therm
how Shey should behave. Evenm with the sldeegtepping of the ethical
problgms con¢erniag normative theosies, we are still eonfronted with
many difficulties (n dessyiption and presetiption which illustrate thet
the déstatee Petween a Behavippal appdesch and a sormative one is Wy
no means as far as it may seem te Pe.

An tmpertant exampde illyustgatiag the difftcuites of Lormula-~
tiea of theory in the early stages in the develeprment of & body of
knowledge is provided by the various so-called theories for the solution
to an n-person non-constant sum game., There {8 no single dominant

theory which is accepted either as a nermative proposition instructing

.
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individuals how they should play, nor is there one acgepted theory
based on the description of how indivtduals do play. Under varying
circumstances, a case may be snagde out #g9r the von Neumann=-
Morgenstern stable sets 14 the Shapley valye .2-/; the Harganyi value _3./;
the Nash non-cooperative equiltbyiurm selution é/; the Aymaan-
Maschle? bargaining sets 5/; the "Bestethesaveydge™ solution or many
others.

A eertain amount of expe®imenta} evidenge exists for several
of the solutions. For instance, the Nash aegeceope®ttive equilibrium
solution appears ta segve as a §8tr predigtor in some experiments in
which there is ne fage-to-fage sommunfigatien Between the players _6_/.
Other experiments have shown that ender e .ppr.priate circume
stances, the Shapley value 7/ prevides geedictigns, and that in certain
simple situations the outcomes of ba®gainipg geocesses li¢ in the
Aumann-Maschler dargaintng sets.

Where do these various theegies of solutiom te games come
from? Are they behavioristig or @orenative? Why are they unsatis-
factory? Writers of thegry do not start with a tabula rasa; some have
had experience as practitionets, others have watched the processes
of their interest for many years prior to the development of the theories;
still others, without explicit knowledge of the processes discussed in

their theories bring to their assumptions a host of implicitly absorbed



observations and conditioned experiences, Thus, when we examine
even the appafently most simon pure assumptions or axioms upon
which a solutigm @oncept may be based; whether it is in reference to
a bargaining proess, 4y d#bitratios scheme or an individual grap-
pling with fncertainty, the antiseptic appearance of the mathematical
axioms ®elies the vast aggay of dwplicit assumptions concerning how
individuade do and shewld bghave,

Fog cxamp!e. the mathemagical-economic models of maximiz-
ing witlliteslan eman may fernelly refleet Marshall's theory of the firm
aof industyy, Mathesmmatigally thep 8@e neat and not very complex; and
whe® staged moldy 85 tmafhemagi®al abstractions they hide the rich-
nees of She obsegvations, ¢ommentaries and qualifications with which
Masehall agcompanted hem. Mis gomments provided the justification
for wsing the abstragtions o ¢tudy the precesses of the politico-socio-
econdmy in which ke dwelf. The generality of an unqualified mathe-
matisation of Magshall's theory is misleading in the extreme.

The theo®y of games wa#® singled eut above, to provide
ewamples of the difficulty tn fAeory building. We equally as well could
have selegted subJective prod®ability; or '"satisficing' or aspiration, or
learning, or erganization. In all of these, the assumptions, the
axioms, ebservations, theeries and so-called theories offer a blend

of normative and behavioristic rules; in some situations the distinction
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between the normative and behavioristic theories is clear-cut. For
example when an individual is confronted with a known set of out-
comes for which he has specific values we may say (tautologically)
that he should select the alternative whieh leads to the outcome with
greatest value. We may then, as in the case of linear programming,
supply an algerithm tg gelect the appropriate altermative. In the same
situation, wg may still shew gxpeetmentally that the individual has
spesific values foy dutcomeg, but our observations of behavior show
ghat he d6es not sele&t the bes§ a¥lernatives, In various suggested
theories o arbitration, the distingtien betwgen normative and dese
criptive is not s® clear. Is the axiom of symmetry based upon a helief
that people should fellow it, or is it based upon observations, cultura}

training or folklore that this §s wha is accepted in a given soctety?

SOME RULES FOR BEHAVIOR

Ecenomic man tells us how to act in simple situations where
we know what we want and can calculate how to get it. If we are in
conflict or doubt, he is of little use. If there is a conflict involving
pure opposition between individuals whe know what they want, the
theory for the solution to two~person zero-sum games provides a
persuasive recommendation in maximim behavior. However, even

for a game as simple as chess, the theory does not tell the individual

T R AR S s e e
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how to make his moves,

When the environment is unknown, there have be?n many sugs
gestions as to how the individua} should account for uncertainty.
Milnor has presented an excellent pesnmary atd analysis of tﬁe
exietn systems underlying seve»al ways in whigh uncegtainty may be
taken into acceunt _8_/. Mone @f them are e@tfpelp satisfagtory as
nofmative presgriptiong inasgmgh s examples gat be constructed
which are npot gesolved py the diffegent Meghods §m a manner that
coineides with intuition or obserwation. Ra#ffa and Schlaifer 9/ in
their development of a deg$§si#n theory hawe styrgssed the importance
of the use of subjective probabilfty as a way fee utidbzing the undes-
standing and knowledge of th@ experty the actual decision-maker
steeped in the details and special perceptions gf his art,

We have already noted that whe# the environment involves
explicit interactign with otheg huxa®® or eman agencies, there
exists a host of s@lution concepte for a-pegson games, none of which
is entirely satisfactory gjther as no®#matiwe presg@iption @r behaviora®
description. Whem Jack of knowledge congerning the environment,
eombined with inability to ealculate the eonsequences of all but a few
simple courses of action is added to the decision problem, our
"theories' are in even poorer condition, The broad area of artificial

intelligence 10/ is addressed to providing algorithms to deal with
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decision processes where exhaustive exploration of alternatives is
net possible and where no analytical mmgthoés age kngwn,

An intermix of we#® with cemputers, psychology, e%atistigs,
and othep disgiplines hag yielded sevegal .uggesti“s and eWsegvetions
¢op decision-making, Simon 20d his 8ge0ciates at Catrnegle have
attempted to define a saMsficlag man 11/. Am organizatien of *patise
féging imﬁviduals"displays an agaptively Patiopal behavioe ehagacter-
ézed by pro€esses for:

{1} The quasi-2coolutior of gonflieg

(2) YUngegtainty avoidange

(3] Psoblemistie® search

(4) Organizatignal leagming,

For example, $he M2m {p gegarded §s &n ofganization with
several deeision centers, its gosls are infuenced by experience
which modifies the aspiration §evelg of its spemdees. The firm
attempts 4o avoid uncertainty; hen@e, there i® an emphasis on short
term correction plans to deal with ghe §mmedbate future and short run
feedback, rather than Jong run anticipation, Plans, standard operating
procedures and tradition age al) used as mechanisems to dampen the
degree of uncertainty, Stress is aid on the proposition that the natu-
ral language to discuss adaptive behavier is in terms of programming.

There has been a moderate success in simulating the behavior

el
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of middle and lowes middie management,

Altheugh uncertainty avoigange $s suggested as a natural part
o evganizagienal Behaviee, there a2e §wo very differeat and highly
Weperglated types of uncertalaty, An individeal enay be uncertain
about the outcome of ag action and may be uncertain about the valwe
of an ogtcome, Malor &egisions age @ited aot marginal decisions.
A peesident 8f & Jarge mining Qowpany recently speaking to a group of
peodessors gencerned with granagement scieng¢e ¢ommented that there
wls a pule in mining whigh guggested that noe property which could ot
show & prefity even with m‘sm.nage.lent, should be worsked, ¥ an
invest™eng §s @ doubt, therg is the choie between performing a
more carefud galculation oy offering € buy the investment for less
than is being askeds In the seeomd case, uncertainty of eutcome is
§ncressecd and uncesfainty of valuation is decreased. An offer of a
lower peice may increase the p®ssibility that the sellee will refuse to
sell the investment; buying at a lower price {acreases the ehance that
it will be a2 good investment vegardless of the wagaries of the market.

A simple analogy is provided by a firm with limited capacity
being confronted with more potential jobs than it can handle. If there
are n jobs and the probability of obtaining the ith job depends upon
P; then if the firm has a capacity of k less than n, its optimal policy

will be to make its prices sufficiently high that it loses an appropriate
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number of jobs.

Siegal LZ_/ and others have suggested an "aspiration level"
approach to decision-making, The level of aspiration is originally
defined and measured in much the same way as von Neumann-
Morgenstern utility. However, over the course of time, individuals
are regarded as lowering or increasing their sights. Successive
failures lower the aspiration level, success raises it. The behavior
of Rebert Bruce, Dick Whittington and others whe follow the rule of

fortiter in adversitas does not fit into the aspiration model.

Festinger 12/ has performed experiments to prove the value
of his concept of '"'cognative dissonance''. According to this view,
further off fields are not greener and grapes out of reach are indeed
mere sour than grapes which can be plucked. These observations
suggest that individuals in order to reach a decision and justify it to
themselves change their values to conform to the possibilities.
"Come the Revolution, we will all have strawberries and cream for
breakfast, and everyone will like it",

In summary we note that:

Economic man knows his choices, values, and the outcomes;
he selects from his known world.

Economic-Decision theory man removes his uncertainties by

introducing subjective probabilities into his rational calculations,

v S+
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Aspiring man moves with the flow of affairs, If he is suc-
cessful, he wants more; if he fails, he wants less.

Festinger's man conforms more to the type of individual con-
fronted on every other page of Alice-in-Wonderland. He changes his
values in order to justify his decision.

The investing man changes the odds on the prospects with
which he is confronted in order to both clarify their worth and cut
dowm on the amount of decision-making required.

In my opinion, the time for synthesis of decision theories is
not yet with us. Many of the normative and behavioristic schemes
are of worth tn a limited context. However, for more detailed formu-
latien, testing and experimentation is needed., Our theories may aid
in some economic and military situations. But even so, except as
aids to clear thought on subjects such as negotiations and threats
during negotiations, little other value has been derived.

As a final example, a simple unsolved problem is posed. It
is unsolved in the sense that there are several normative decision
criteria which have been suggested as well as several behavioristic
ones, It is possible to obtain virtually any outcome as a point which
satisfies some of the theories.

The example is the prisoners' dilemma game iterated indefi-

nately with a discount rate included. Suppose two players play the
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following game every period:

1 2

1 10,10 -10,15

2 15, 10 0.0

In the one-period game, considerations of individual rational-
ity call for them to play (2, 2) and obtain (0, 0), If the game has no
definite end, and there is a discount rate p, then the long run payoff

to player i is:

If either player were to use a '"threat"-strategy such as:

"Play 1 as long as 1 is observed; if ever 2 is observed, play 2 from
then on,' This would make (1, 1} an equilibrium point, Is it reason-
able, however, to believe that for a one period departure from grace,
one individual will punish another from that point on at great cost to
himself? Formally, there are many extensive form strategies con-
taining threats which apparently enable almost any outcome to be
enforced in an equilibriu, In a broad sense, they are not all equally

plausible,
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The normative suggestion that the players should maximize
jointly has them playing (1, 1); the naive extension of the non-
cooperative equilibrium concept to games of indefinite length turns
almost anything into an equilibrium point. The theory we need, we
do not have yet. It must take into account both the players' innate

desires to cooperate and the intelligence, perceptions, and other

abilities in communicating with each other and inferring from each

others' behavior.
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